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Abstract 
This paper deals with recent assessments and results of the EU-based DYNAMIS2 project, which – since March 2006 - has been 
investigating decarbonisation of fossil fuels (bituminous coal, lignite and natural gas), with the inclusion of carbon capture and 
geological storage of the CO2 (CCS). The project was established by leading European RTD providers and industries, and 
sponsored by the European Commission under its 6th Framework Programme. Main deliverables of the DYNAMIS project 
comprise pre-engineering studies and a subset of recommendations to the European Commission with regards to its HYPOGEN 
Demonstrator Programme. According to prerequisites established by the European Commission, the HYPOGEN Demonstrator is 
planned to offer electricity, hydrogen and CO2 at large scale - scheduled for commercial operations to commence by 2012-2015.  
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1. Introduction 
Isolating CO2 in large-scale power generation plants implies advanced process integration in order for carbon 
capture and storage (CCS) to become viable. Major impediments are enhanced complexity and commercial risk. 
Inherent drawbacks are capture cost3 and energy penalty that corresponds to as much as roughly 10 percentage 
points in efficiency, equivalent to 20-30% additional fuel – assigned to the capture and compression of the CO2. 
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This high penalty suggests that CCS can only be justified in a commercial setting provided the gap between cost and 
market price can be closed (via technological improvements, subsidies and regulatory actions4).  
2. Scope 
In DYNAMIS two main directions have been pursued: 1) the near-zero emission approach applied to the power 
sector, and 2) the large-scale dimension for hydrogen supply for early adopters (intended primarily for the transport 
sector). As an interim step DYNAMIS is focused on conversion technology, gas handling, conditioning and 
transport (hydrogen and CO2), and the pre-selection of European plants including storage sites using geological 
information. Non-technical aspects are also dealt with. These elements are fully reflected in specific case studies 
conducted as part of the project. 
The DYNAMIS project has evaluated technology options for CO2 capture with hard coal, lignite and natural gas 
as fuel. The commercial yields are made up by electricity and hydrogen with a main emphasis placed on 
decarbonisation of fossil fuels. Pre-combustion capture of CO2 is regarded a viable option for coal and lignite. This 
means that available technologies have been duly evaluated for oxygen production, gasification (syngas production 
from coal), water-gas shift, desulphurisation, CO2 removal and hydrogen purification. Candidate technologies have 
been subjected to a multi-criteria assessment leading up to a sub-set of firm recommendations of concepts that may 
be pursued for plant demonstration (referred to as the HYPOGEN plant) – depicted in Figure 1:  
 
Storage
• Transport arrangements
• Risk of leakage 
• Geological formations on 
the short-middle term
• Metallurgical and 
geological integrity
Grid 
connection
H2 market/demand
• Product specification
• Volumes
• Transport arrangements
EOR/EGR market
• Price/Cost
• Specification
Heat integration
• Energy quality 
requirement
Tanked, piped, 
shipped CO2 HYPOGEN
Plant
Tanked, piped, shipped H2
in gaseous and liquid 
phase
CO2 H2
Electricity
Thermal heat
Fuel supply
Availability / logistics
• Coal
• Natural gas
Society
Greenfield versus 
brown-field site
Figure 1: The generalised HYPOGEN plant. 
Conversely, the bulk production of hydrogen-rich gas from natural gas creates inefficiencies both in the 
conversion and in the use of hydrogen-adapted gas turbines; the direct use of natural gas in a conventional NGCC5 
facilitates the use of advanced highly efficient F-class gas turbines. For this reason a parallel NGCC-SMR (steam 
methane reformer) scheme turned out to gain the highest score on the multi-criteria assessment performed within the 
project.  
3. Handling, conditioning and transport of the CO2 stream 
For transport and storage purposes, it is strictly required to keep the CO2 in a dense phase and preferably at a 
lowest practical temperature (i.e. around ambient level or seawater temperature; Hetland and Christensen 2008) [1]). 
As the density of the CO2 stream is lower than that of water at similar pressure and temperature, special precautions 
are required in the selection of storage sites – especially aquifers. Not only must the static pressure be high enough 
to ensure that the CO2 remains in liquid phase, but also the geological formation in which the CO2 is being injected 
must be capable of sustaining the buoyancy force from the liquid CO2.  
Recommendations for the composition of the CO2 stream have been provided from the perspectives of transport 
of the CO2 in order to ensure safety and durability of the transport system, thereby also ensuring efficient use of the 
transport capacity. Parts of this work have been published already (de Visser et al. (2008) [2]). In consideration of 
 
3 Currently in the range of 50-60 Euro per tonne CO  according to EC communications, however, with ambitions of reducing to 50% thereof. 2
4 For instance by penalising conventional power plants for their CO  emissions. 2
5 NGCC: Natural gas combined cycle power plant. 
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the CO2 stream this implies that existing regulation pertaining to safety and toxicity has been duly considered in 
order to limit the concentration at a maximum level of any chemical component that is likely to occur in the CO2 
stream – especially in the event of a severe blow-out. Furthermore, owing to the risk of hydrate formation and 
corrosion the mechanical integrity of the transport system is very much dependant on the absence of free water (see 
below). Other impurities should be omitted mainly for technical reasons (e.g. increased compression work and 
reduced transport capacity). Table 1 presents the recommended upper concentration limitations pertaining to 
pipeline transport of impurities that are prone to occur in the CO2 stream from pre-combustion CO2 capture (hard 
coal, lignite) and post-combustion CO2 capture with natural gas, as justified by the DYNAMIS project. 
Table 1: Transport quality recommendations for the CO2 stream at pipeline conditions for a HYPOGEN plant with pre-combustion CO2 capture 
(hard coal and lignite) or in post combustion CO2 capture (natural gas) (based on data published by de Visser and Hendriks, 2007 [3]).  
Component Upper concentration limit Rationale / comments 
H2O 500 ppm Technical: To avoid corrosion and hydrate formation. 
Concentration to be lower than solubility limit of H2O in the 
CO2. No significant cross effect of H2O and H2S. Cross effect 
of H2O and CH4 is significant but within the limits for water 
solubility. Note: This recommended upper concentration level 
is significantly higher than in some other CCS projects that 
specify 50 ppm (*). 
H2S 200 ppm Health & Safety (***) 
CO 2000 ppm Health & Safety (***) 
O2  (**) Aquifer < 4 vol%,  
EOR 100 – 1000 ppm 
Technical: Concentration limit on non-condensable gases(**) 
Range only for EOR, lack of practical experience from impacts 
of O2 underground. Oxygen is not likely to occur in pre-
combustion capture processes. 
CH4  (**) Aquifer < 4 vol%,  
EOR < 2 vol% 
Technical. The effect of CH4 on the solubility of water in CO2 is 
significant, but not harmful for transportation of CO2 at CH4 
concentrations lower than 5% and a maximum water level of 
500 ppm 
N2  (**) < 4 vol % (all non condensable gasses) Technical Concentration limit on non-condensable gases(**) 
Ar  (**) < 4 vol % (all non condensable gasses) Technical Concentration limit on non-condensable gases(**) 
H2  (**) < 4 vol % (all non condensable gasses) Technical. Concentration limit on non-condensable gases(**) 
Further reduction of H2 is recommended owing to its energy 
content and market value 
SOx 100 ppm Health & safety (***) 
NOx 100 ppm Health & safety (***) 
CO2 >95.5% Balanced with other compounds in CO2
Note (*): Under expected transport conditions for a HYPOGEN plant (pressure, temperature and other possible contaminants) this water level 
is deemed sufficiently low and the risk of free water and hydrate formation is low. 
Note (**): The concentration limit of all non-condensable gases together, like O2, CH4, N2, Ar and H2, should not exceed 4 vol%, owing to exergy 
demand for compression. In particular O2, N2, Ar, H2 and CO are immiscible with oil and they may thus increase the minimum 
miscibility pressure (MMP). (de Visser et al. (2008), [2]) A combined total of these components larger than 5% would impact EOR 
operations negatively. 
Note (***) Health and safety issues for pipeline transport of CO2  relate to short term leakages in case of rupture (or similar blow out). The 
maximum concentrations are derived from STEL (Short Term Exposure Limits) for toxic components in relation to STEL for CO2
3.1. Drying of the CO2 stream  
Experience with CO2 pipelines have revealed that the corrosion rate will be almost negligible in dry systems (in 
the order of μm per year), whereas corrosion rates in the order of millimetres per year may occur in systems where 
free water is present (Seiersten, 2001, [4]). Therefore some experts recommend full dehydration, which is generally 
achieved at 50 ppm water content, or - in the worst condition - at a concentration of water lower than 60% of the 
dew point, which is probably too strict. Mohitpour et al. (2003) [5] consider 300 to 500 ppm as acceptable to CO2 
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transport in carbon steel pipes, and Austegard et al. (2006) [6] have shown that under typical transport conditions 
the solubility of water in CO2 will always be higher than 500 ppm. DYNAMIS has accordingly established a safety 
margin to corrosion and concluded that a CO2 pipeline may operate satisfactorily at water content up to 500 ppm6.  
Water in the CO2 stream may furthermore become critical, as water is prone to form hydrates - provided 
appropriate temperature and pressure (usually low temperature and high pressure) and in presence of hydrate-
forming molecules. As water in this context does not necessarily imply free water (Carroll, 2003, [7])7, DYNAMIS 
recommends that CO2 pipelines operate at a temperature well above the hydrate formation temperature. Practice in 
such operations has evidences that hydrates may form only at temperatures below 10ºC (Odru et al., 2006 [8]).  
4. Emerging hydrogen-based transport market 
As deployment of a (possible) European hydrogen infrastructure would largely depend on the prospective fuel 
cell vehicles, it is assumed that early hydrogen markets in Europe would emerge from areas with rather dense 
population such as London, Rotterdam, Hamburg, Berlin and the Ruhr Area, Paris, Barcelona and Milan.  
DYNAMIS has assessed export concepts for hydrogen delivered by a HYPOGEN plant to a future transport 
market and also to alternative markets in Europe since the fuel cell market is still rather uncertain. An amount of 
hydrogen corresponding to 50 MW (HHV) is sufficient to fuel some 900-1700 buses, depending on driving cycle 
and the maturity of fuel-cell based traction systems by 2012 (Nordbø, 2007 [9]). As a PSA8 unit may usually 
operate at part load down to 30% of nominal throughput, the production of hydrogen would range from 15 to 50 
MW (i.e. 9.1 and 30.4 t/day using HHV). This implies that one PSA unit would be sufficient to adjust to the market 
demands from the (possibly) lower volumes in the outset, and keep pace with the market growth until full capacity is 
reached.  
4.1. Hydrogen purity specification 
Pre-normative efforts have been made in DYNAMIS in establishing a plausible purity level for the hydrogen 
yield while addressing end user requirements – notably the PEM fuel cell9 (Barrio et al. (2007) [10]). These efforts 
include extensive experimental work carried out (mainly) at Air Liquide (France) (Queille, 2007, [11]), which 
suggest that special care must be taken to the amount of inert components and to carbon monoxide (CO). The 
rationale is that inert components in the hydrogen yield exceed by far the level that is being proposed in emerging 
norms (mainly ISO/FDTS 14687-2 and SAE J2719). Carbon monoxide becomes critical to the hydrogen production 
and the fuel cell operation owing to its poisonous effect that evidently will accelerate the decay of catalysts and the 
electrodes of the PEM fuel cell. Main findings and considerations are: 
1. The commonly used limits for inert components - in the range 100-500 ppm - were found rather challenging to 
the HYPOGEN plant, mainly for economical reasons. Hence, a less stringent limit in the range 2,000-10,000 
ppm has been suggested, which eventually will reduce the capital and operational expenses pertaining to 
hydrogen production, and also increase considerably the hydrogen yield. 
2. DYNAMIS recommends the upper CO concentration limit at 0.5 ppm (in contrast to some references that 
recommend as much as 10 ppm CO). 
 
With due comparison of relevant sources, DYNAMIS suggests the purity levels for hydrogen as listed in Table 2 
as a new norm to apply for future hydrogen PEM-based transport market. These levels will not only comply with 
performance and life expectancy of the fuel cells, but will also suppress the investment cost and operational 
expenses, and thereby make hydrogen a more competitive fuel.  
Table 2: The following quality recommendations are proposed for the HYPOGEN plant, addressing PEM fuel cells in the market. (Barrio et al. 
(2007) [10] 
 
6 Under typical transport conditions (100 bar and 20oC) 500 ppm water corresponds to 0.5 kg/m3 
7 http://members.shaw.ca/hydrate/index.htm  
8 Pressure Swing Adsorption (PSA) 
9 Requirement: ”The … hydrogen shall be in accordance with the specification of European fuel cell vehicles (PEM) foreseen by 2012.” 
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Component DYNAMIS Comment 
Hydrogen fuel index 
(minimum)  
99.95%  
Non-hydrogen constituents (maximum content) 
Dimensions below are recorded in ppm (i.e. micromoles per mole) unless otherwise stated 
Total gases  500  
Water (H
2
O)  5  
Total hydrocarbons  
C2+  
Methane  
 
2  
100  
Oxygen (O
2
)  5  
Helium (He),  
Nitrogen (N
2
),  
Argon (Ar)  
 
Sum: 500  
Further relaxation of this limit to 0.2-1% should be considered by the Fuel Cell (FC) community. This 
could increase hydrogen recovery by up to 6% points for the coal based cases studied in DYNAMIS.  
Carbon dioxide (CO
2
)  1  Further relaxation of this limit to 100 ppm should be considered by the FC community, based on 
experimental experience with long term operation.  
Carbon monoxide 
(CO)  
0.5  Limit because of long term voltage losses.  
Total sulphur 
compounds  
0.01  Further relaxation of this limit to 0.1 ppm should be considered by the FC community  
Ammonia (NH
3
)  0.1  Further relaxation of this limit to 5 ppm should be considered by the FC community, based on long-term 
experimental experience  
5. Pre-selection of European production and storage sites  
From the perspective of yields the optional locations for a HYPOGEN plant can be determined from electricity 
and hydrogen markets and the geographical location of possible CO2 storage sites. A plausible multi-criteria site 
assessment was used with the assumption that hydrogen use will cluster with population and storage opportunities 
screened as detailed below.  
5.1. Screening of storage sites 
Based on initial screening criteria using existing GIS information from the European R&D projects GESTCO, 
CASTOR and GeoCapacity as well as information collected from the projects CO2STORE, PICORE and CARNOT 
along with existing petroleum databases in the public domain, the following candidate sites were identified: 
x UK: 15 gas fields and 23 structures within a regional saline aquifer 
x Germany: Owing to limited publicly available data10 suggestion is made for 2 gas fields and 2 saline aquifers. 
For an overall overview of onshore storage capacity in Germany, see May et al. (2006) [12] 
x France: 5 oil fields and 2 regional saline aquifers 
x Denmark: 3 gas fields, 1 natural gas storage, 8 oil fields and 10 saline aquifers 
x The Netherlands: 7 gas fields 
x Norway: 3 depleted gas fields, 1 oil field and the regional Utsira saline aquifer and the Johansen formation. 
 
Some data collected in the screening process are confidential and cannot be published. Within the DYNAMIS 
consortium limited or no detailed geological information has been made available for locations in Germany, Eastern 
Spain or Northern Italy. 
 
10 Comment: This limited availability does not necessarily mean limited storage capacity; it rather reflects the limited publicly available 
information on candidate storage sites. 
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6. Case studies 
Emphasis has been placed on detailed design studies of practical projects that are aimed to co-produce electricity 
and hydrogen. These will use actual technologies that are expected to become commercially available by 2012-2015 
with acceptable terms and conditions. Main efforts have been focused on developing technology options which are 
commercially supported, producing outputs of around 400 MWel and 50 MW H2 (HHV) and with a rather high 
capture rate (90%); which have led to four detailed case studies:  
1. East-Midlands (UK) – coal-based IGCC with an integrated hydrogen bleed, providing 2.2 Mtpa CO2 for southern 
North Sea-based off-shore aquifer storage (sponsor: E.ON UK),  
2. North-East UK – coal-based IGCC with integrated hydrogen bleed, providing 2.2 Mtpa CO2 intended for EOR in 
North Sea-based off-shore operations (sponsor: Progressive Energy Ltd.),  
3. Mongstad (Norway) – natural gas CHP, post combustion with separate hydrogen production, providing 1.3 Mtpa 
CO2 for North Sea-based off-shore aquifer storage in the Johansen formation (Sponsor: StatoilHydro), and 
4. Hamburg (Germany) – coal-based IGCC with an integrated hydrogen bleed and district heating off-take, 
providing 2.2 Mtpa CO2 for aquifer storage (Sponsor: Vattenfall).  
 
Except for the Mongstad case (3), the plants employ pre-combustion decarbonisation that involves coal 
gasification, water-gas shift, gas separation and an integrated gasification combined power cycle (IGCC), using gas 
turbines fed with a hydrogen-rich synthetic gas. The Mongstad case provides an interesting contrast with separate 
hydrogen production using steam reformation. These case studies are described in more detail below. 
6.1. The East-Midlands (UK) case (1) 
This EON-sponsored case study is a bituminous coal IGCC plant at Killingholme close to the Humber Estuary in 
North East Lincolnshire, UK. It utilises an Air Liquide ASU, three Siemens gasifiers, a Rectisol AGR system and a 
MHI M701F4 gas turbine located adjacent to the existing, E.ON-based, gas fired power station  
In order to improve the overall efficiency, air extracted from the gas turbine compressor is used to provide around 
30% of the air requirement to the ASU. The ASU provides oxygen to the three Siemens gasifiers, which in turn 
produce a syngas of sufficient moisture content to undergo sufficient CO conversion via a sour shift process. The 
sulphur species removed by the Rectisol process are sent to an oxygen-fired Claus plant for conversion to elemental 
sulphur. The Rectisol process also removes the CO2, which is pressurised to an export pressure of around 140 bar. 
With some 5% diverted for purification in a pressure swing adsorption unit, the resulting hydrogen-rich syngas is 
diluted with nitrogen from the ASU before it enters the gas turbine. In this way the NOx formation will be reduced 
considerably. The hot exhaust gas from the gas turbine is then diverted to the bottom cycle, which comprises a heat 
recovery steam generator (HRSG). The generated steam - including steam from the gasifier island - is used to drive 
a three-stage steam turbine that, in combination with the gas turbine, provides the gross electric power output. 
A hybrid wet-dry cooling tower system was used for cooling due to insufficient estuarine water, which has a 
negative impact on the overall thermal efficiency. The plant has a net electric output of 386MWel and a net electric 
efficiency of 33.5% (LHV). The estimated capital cost of this plant is expected to be around €1.1B, or 3M€/MWel,net. 
It is expected that the performance data may be further improved by optimised steam integration and direct cooling. 
A storage location in the Bunter Sandstone aquifer in the Southern North Sea (SNS) was chosen for its proximity 
to the plant and because this sedimentary basin offers some of the best opportunities for geological storage of CO2 in 
the offshore UK area. The structure identified represents a simple four-way dip closure with a combination of high 
theoretical storage capacity (622 Mt) and absence of mapped or seismically resolvable faults in the crest of the 
structure. The latter, if present, could present a risk of leakage. The structure is referred to as structure 43/3 (the 
‘Duck’), the depth to the crest of the structure being about 1200 m below sea level. The Triassic Bunter Sandstone 
reservoir/aquifer is overlain by halites and interbedded mudstones of the Haisborough (Mercia Mudstone) Group 
forming a good cap rock. A representative geological model of the chosen structural closure was created by two 
European geological institutes using available released exploration well data from five exploration wells and a top 
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Bunter Sandstone structure contour map11. For a single vertical injection well located to the south-east of the chosen  
structure, this model suggests that the minimum well head pressure needs to be 130 bar to enable 3.3 Mtpa of CO2 to 
be injected with a maximum overpressure in the range 70-90 bar. 
6.2.  North-East UK case (2) 
The second case study, sponsored by Progressive Energy Limited, is a 400MW IGCC located at Lynemouth in 
the north-east of England. The primary technology comprises Siemens entrained-flow gasification followed by a 
two-stage shift process to create a hydrogen-rich syngas. This syngas is cleaned through an Acid Gas Removal plant 
using Selexol® as the absorber. The H2S is sent to a Claus unit for sulphur recovery whereas the CO2 is compressed 
and dried ready for storage. A slip-stream of up to 50MW of hydrogen is provided using a PSA. The syngas is then 
used to fuel an adapted GE9FA turbine with generator. Further electrical power is generated via steam production in 
an HRSG powering a three-stage steam turbine and a generator. Cooling is provided using direct seawater flow. 
The plant produces a net output of 350MWel and 50MWH2. Allowing for both outputs, the equivalent electric 
efficiency of the plant is 35.5%. If no hydrogen is produced the net electric output would reach 380MW. The 
residual emission level is 98.6 kg/MWh of CO2. A capital cost for the plant of €940M, at 2007 price level, is 
derived, indicating a cost per gross MW installed at 2.4M€/MWel+H2. (or 2.5 M€/MWel+H2 without the slip stream). 
The captured CO2 stream is transported in a 377km pipeline to the Piper oilfield in the Central North Sea (CNS) 
and used for Enhanced Oil Recovery (EOR). The Piper field, located in Block 15/17, lies on a shelf on the northern 
margin of the north-westerly trending Witch Ground Graben (WGG) in the Outer Moray Firth. Oil is trapped in four 
north-easterly tilted fault blocks dipping gently NE away from the graben (Schmitt & Gordon, 1991 [13]). Three of 
the fault blocks have a common oil-water contact, but the fourth smaller accumulation in the SW has an isolated 
accumulation with a deeper contact. At least 58 exploration and production wells have been drilled over the Piper 
Oilfield, not all from separate locations. Depths to the crest of the reservoir structure are circa 2255 m below sea 
level (Schmitt &Gordon, 1991 [13]).  
Representative values of relevant field properties (porosity and permeability data) were obtained from published 
papers. A reservoir model of the main fault block within the field has been created from published reservoir maps 
(Schmidt & Gordon, 1991 [13]) and oil production records for the Piper Oilfield available from the BERR website 
(https://www.og.berr.gov.uk/pprs/full_production.htm). Various scenarios for injection of CO2 have been studied 
using differing combinations of injection wells and volumes. The results indicate that significant further oil can be 
derived in this way from the formation without significant over-pressure problems. The indicative scale of additional 
oil production is up to 50 million barrels over 20 years which is highly valuable at today’s oil prices. 
6.3. Mongstad (Norway) case (3) 
The Mongstad case study, situated in the Mongstad refinery, in the vicinity of Bergen, is distinct from the other 
cases in that it comprises a combined heat and power plant (CHP) with post-combustion CO2 capture and storage. 
Although the study is sponsored by StatoilHydro, it is not included in the work that StatoilHydro performs as a part 
of the “CO2 Master Plan”.  
The CHP plant will provide heat and power to the existing Mongstad refinery and to additional industrial plants 
in the neighbouring area. The CHP plant is fed by a mixture of natural gas from the Troll field and fuel gas from the 
refinery. It comprises two “E-class” gas turbines rated at around 130 MWel (each) and one steam bottoming cycle 
rated at around 20 MWel. The heat recovery system combines steam generation and preheating of crude oil for the 
refinery. The CO2 capture is achieved via a post-combustion absorption plant using monoethanolamine (MEA), and 
the solvent is regenerated in a desorber unit that requires medium-pressure steam. A separate membrane system is 
used to provide the hydrogen from excess refinery fuel gas. In addition to the exhaust from the CHP plant, CO2 is 
also removed from the RCC (Catalytic Cracker) and the reformer exhaust gases.  
The storage site, known as the Johansen formation of Jurassic age, is located approximately 80 km west of 
Mongstad. It was chosen primarily because of the proximity of the plant, and its potential for being a suitable 
 
11 Courtesy of Department of Business and Regulatory Reform: BERR 
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storage site at a relatively shallow storage depth. The storage site represents a good-quality sandstone at a depth 
between 2100 and 2400 m, around 600 m below the Sognefjord formation, which contains the Troll oil and gas 
field. Data for the Johansen formation is limited but has been modelled using representative parameters for the 
sandstone and main sealing rock which is a thick shale (>200 m) of the Dunlin group. The modelling suggests that 
based on the used assumptions, the site is suitable for the requirement of up to 3Mtpa CO2 with long-term migration 
along the top of the formation and dissolution of CO2 into the formation water. 
6.4. The Hamburg case (4) 
The Hamburg case study, sponsored by Vattenfall, is a bituminous coal fired IGCC plant located in Hamburg, 
Germany. The site offers the possibility to deliver district heating to the city, which results in a higher fuel 
utilization. Studies also suggest that the Hamburg area offers positive conditions for the early development of a 
European hydrogen market in the transport sector.  
The case is based on an ASU from Air Liquide, gasifer from Shell, Selexol acid gas removal and an F-class gas 
turbine from MHI. Air extracted from the gas turbine provides around 30% of the of the ASU air requirement. Since 
the district heating demand and temperature levels vary over the year the plant concept has been evaluated for a 
number of operational profiles. The result is a yearly average net electric efficiency of 33.2% (LHV) and a total fuel 
utilisation of 55.0% (LHV) in the case no hydrogen is being produced. For comparison, when the plant is operating 
in condensing mode without hydrogen production the net electrical efficiency will be 2.5 points higher (i.e. 35.7% ).  
The requirement that the plant should be able to deliver up to 400 MW, district heating with a supply temperature 
of 135°C to Hamburg City has introduced certain implications to the plant design. On the other hand detailed 
modelling has revealed that district heating offers numerous heat integration opportunities that would otherwise not 
be possible in condensing operation mainly due to the low temperature levels of some of the available heat sources, 
e.g. heat from the ASU and from CO2 compressor intercooling. Further integration options might be possible but 
these will only lead to minor increases in plant performance and must be carefully weighted against the negative 
impact on RAM12 and capital cost. The capital investment is estimated to be around 1230 M€ corresponding to a 
specific investment of 2.9 M€/MWel,net assuming condensing operation and no hydrogen output. 
Two candidate storage sites, one onshore and one offshore, have been assessed. The onshore structure “Hamburg 
South” is representative for a number of similar structures in the area, with the Buntsandstein as the main reservoir 
and a 300 m thick halite layer as sealing rocks. The cap rock is excellent, while the reservoir properties are poor due 
to low permeability of the sandstone. Reservoir modelling based on 8 injection wells placed at the flank of the 
structure has confirmed the required 100 Mt storage capacity; although low injectivity means that a large area 
surrounding the storage site is affected by pressure propagation. Modelling shows that fluctuating operation of the 
CO2 stream would impact the possibility of making use of neighbouring structures for CO2 storage. Improved 
conditions could be achieved by taking into account known presence of joints, cracks and fractures in the reservoir. 
The offshore Jutland structure is a domal closure facing the west coast of Denmark. Layered sandstones form the 
main reservoir of the structure, with approximately 500m thick claystones forming the top seal. Reservoir modelling 
of the Jutland aquifer with several injection sites on the flank of the structure indicates that the overpressure zone 
exceeds significantly that of the CO2 plume itself, but stays confined within the structural closure.  
7. Conclusion 
DYNAMIS refers to the urgency endorsed by the European Commission of establishing 10-12 large CCS 
demonstration projects in Europe by 2020 - consistent with the G8 target of having 20 CCS plants operating world-
wide at the same time. DYNAMIS has largely devoted efforts to technology and deployment studies – emphasising 
plants, markets, export systems, storage sites and related societal issues. Numerous alternatives have been screened 
using multi-criteria assessment tools. Four HYPOGEN cases have been elaborated with due regards to techno-
economic viability, transport and market access. These cases have been judged ready for early commercial 
deployment - provided, however, that a regulatory framework would be established. DYNAMIS has evidenced that: 
 
12 RAM: Reliability, Availability and Maintenance
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x The coal-fired pre-combustion capture route is a contender in the emerging CCS market, and technology seems to 
be due (already) for early deployment at commercial scale using proved and financeable equipment. 
x A net efficiency level of around 35% (LHV) can be reached with coal-fired IGCC plants using “F” class gas 
turbine technology and with a full CCS chain. 
x Optimal heat integration is crucial - especially with the inclusion of CHP13 if district heating is available. The 
higher energy utilisation may then become decisive owing to the higher revenue potential.  
x The cost of a 400MW IGCC-CCS plant - with yields made up by electricity and/or hydrogen - amounts to 
roughly 2.4-3M€/MWel+H2 – depending, however, on case, complexity and location14. 
x With due regards to early adopters it becomes vitally important to establish (and validate by testing) storage sites, 
backed by a foreseeable regulatory framework and an appropriate infrastructure for the CO2. 
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